Water drops used as reaction compartments are commonly immobilized on hydrophilic areas bordered by hydrophobic areas. For many applications, such as the trapping of non-adherent cells, it is desirable to exploit the inertness and the anti-fouling behavior of hydrophobic surfaces as well as their repulsive behavior towards adsorbates in lab-on-chip configurations. However, the immobilization of water drops on hydrophobic surfaces has remained challenging. We report a nonlithographic approach to arrest water drops on hydrophobically modified macroporous silicon (mSi) with perfluorinated sur- 
Introduction
Discrete water drops immobilized on substrates have been explored for a diverse range of applications including the trapping of bioactive molecules, nonadherent cells, and microorganisms. [1] Moreover, immobilized water drops were employed for enzymatic reactions, [2] synthesis and profiling of enzyme inhibitors, [3] combinatorial discovery of fluorescent pharmacophores, [4] high-throughput screenings of embryonic stem cells, [5] whole-organism screenings using fish embryos, [6] as well as for the creation of cell type patterns, [7] microdrop-derived hydrogel particles [8] and MOF microstructures. [9] The most common and viable strategy to immobilize water drops is the use of hydrophobic-hydrophilic micropatterns -the water drops are located on hydrophilic areas bordered by hydrophobic areas. Such chemically patterned substrates are typically produced by top-down lithographic methods including photolithography and microcontact printing. [1, [10] [11] [12] Immobilization of water drops on hydrophobic surfaces has commonly been realized only by means of three-dimensional topographic patterns, such as geometric poly(dimethylsiloxane) (PDMS) obstacles, [2] hydrophobic Si pillars, [13] and superhydrophobic black silicon indentations generated by photolithography and deep reactive ion etching. [14] Figure 1: Skeletal formula of the block copolymer polystyrene-block -poly(2-vinylpyridine) (PS-b-P2VP). The circular PS-b-P2VP film subjected to selective-swelling induced pore formation gets opaque and mesoporous. Volume expansion pushes the PS-b-P2VP fibers at the outermost rim out of the mSi macropores. f) The PS-b-P2VP fibers in an annular region next to the outermost rim are wedged in the mSi macropores because of the volume expansion associated with selective-swelling induced pore formation. Detachment of the circular PS-b-P2VP film results in rupture of these PS-b-P2VP fibers, which remain located in the mSi macropores. In the center of the circular PS-b-P2VP film the PS-b-P2VP fibers are only weakly swollen so that they are completely pulled out of the mSi macropores. g) Detached circular PS-b-P2VP film. h), i) After detachment of the circular PS-b-P2VP film a ring of ruptured PS-b-P2VP fibers located in the mSi macropores remains on the hydrophobically modified mSi.
It is highly attractive to immobilize water drops on hydrophobic surfaces that are typically inert, repulsive to adsorbates and characterized by anti-fouling behavior. For example, flexible lab-on-chip configurations, in which water drops are immobilized on hydrophobic rather than on hydrophilic sur- Figure 3 : Idealized reaction scheme of the grafting of 1H,1H,2H,2H-perfluorodecyltrichlorosilane (PFDTS) onto the native silicon oxide layer covering the mSi macropore walls. As a result, the mSi surface coated by perfluorinated alkyl chains is hydrophobically modified.
faces, could be employed to trap non-adherent cells. However, water drops on hydrophobic surfaces
show non-sticking behavior and roll off. [15] Arresting water drops on hydophobic surfaces has thus remained challenging. Here, we present a nonlithographic approach for the creation of polymeric barriers that efficiently immobilize water drops on highly hydrophobic perfluorinated surfaces. We dropped a solution of asymmetric polystyrene-block -polyvinylpyridine (PS-b-P2VP) ( Figure 1 ) with P2VP as the minority component onto hydrophobically modified macroporous silicon (mSi) [16, 17] ( Figure S1 , Supporting Information) and subjected the obtained circular PS-b-P2VP film to selective-swelling induced pore formation. [18, 19] 
Results and Discussion

Preparation of PS-b-P2VP fiber rings
The mSi contained macropores with a depth of ∼1.8 µm arranged in hexagonal arrays with a lattice constant of 1.5 µm ( Figure S1a , Supporting Information) and was prepared by a combination of photolithography and photoelectrochemical etching. [16, 17] Below their inverse-pyramidal pore mouths the mSi macropores had necks with a diameter of ∼530 nm. Below the necks the mSi macropores widened to ∼710 nm ( Figure S1b , Supporting Information). We grafted 1H,1H,2H,2H-perfluorodecyltrichlorosilane (PFDTS) onto the native oxide layer covering the mSi following procedures reported elsewhere [20, 21] (Figure 3) . In this way, we obtained hydrophobically modified mSi covered by perfluorinated alkyl moieties that exhibited a water contact angle of 127 
PS-b-P2VP fiber rings: mechanism of formation
Selective-swelling induced pore formation is crucial for the formation of the PS-b-P2VP fiber rings. 
Pinning of water drops on hydrophobically modified mSi by PS-b-P2VP
fiber rings highlight the different behavior of water drops with a volume of 20 µL on hydrophobically modified mSi without (on the left) and with (on the right) a PS-b-P2VP fiber ring. As soon as the hydrophobically modified mSi piece without PS-b-P2VP fiber ring was tilted, the water drop rolled off; eventually, the water was arrested at the edge of the glass cover slip onto which the hydrophobically modified mSi was glued. However, the water drop deposited into the PS-b-P2VP fiber ring on the hydrophobically modified mSi piece seen on the right was arrested even when the hydrophobically modified mSi piece was vertically oriented and despite the trembling movements inevitable when the sample is held manually. Six hydrophobically modified mSi pieces with larger PS-b-P2VP fiber rings having outer contour diameters of ∼6.5 mm and widths of 0.2 -0.3 mm are seen in Figure 6a . Water drops with a volume of 50 µL completely covered the areas of PS-b-P2VP fiber rings with an outer contour diameter of ∼6.5 mm (Figure 6b ) and remained arrested during tilting into perpendicular orientation (Figure 6c) . A drop with a volume of 50 µL on hydrophobically modified mSi without a PS-b-P2VP fiber ring (on the left in panels d-g of Figure   6 ) rolled off as soon as the hydrophobically modified mSi piece was tilted. The water drop deposited into the PS-b-P2VP fiber ring on the hydrophobically modified mSi piece seen on the right in panels d-g of Figure 6 was arrested even when the hydrophobically modified mSi piece was vertically oriented (see also Supporting Movie 2). Wetting phenomena on topographically patterned substrates are complex [22, 23] and it has been argued that wetting is controlled by interactions in the vicinity of the contact line, which is the intersection of the liquid phase, the gas phase and the solid substrate. [24] Water drops with volumes of 5 µL deposited into PS-b-P2VP fiber rings with diameters of ∼4.1 mm did neither completely cover the surface area of the hydrophobically modified mSi encircled by the PS-b-P2VP fiber rings nor did they contact the latter.
The contact angles of the water drops with a volume of 5 µL deposited into the PS-b-P2VP fiber rings amounted to 108 . [25] P2VP is slightly hydrophilic and has a water contact angle of 66
On the other hand, the PS-b-P2VP fibers protruding from the mSi macropores likely pierce into the water drops.
Conclusion
We 
Experimental Section
Materials. Macroporous silicon (Supporting Figure S1 ) was provided by SmartMembranes (Halle, Saale);
asymmetric PS-b-P2VP (M n (PS) = 101000 g/mol; M n (P2VP) = 29000 g/mol; M w /M n (PS-b-P2VP) = 1.60, volume fraction of P2VP 21%; bulk period 51 nm) was obtained from Polymer Source Inc., Canada.
1H,1H,2H,2H-perfluorodecyltrichlorosilane (PFDTS, 97%, stabilized with copper) was supplied by ABCR GmbH. Tetrahydrofuran (THF), ethanol, 98% H 2 SO 4 , 30% H 2 O 2 and deionized water were supplied by local manufacturers in the analytical grade.
Generation of PS-b-P2VP fiber rings. To hydrophobically modify mSi with PFDTS, [20, 21] mSi was treated with a boiling mixture containing 98% H 2 SO 4 and 30% H 2 O 2 at a volume ratio of 7:3 for 30 min, followed by rinsing with deionized water and drying in an argon flow. Then, the mSi was heated for 5 h at 100
• C in the presence of 0.2 mL PFDTS under room pressure. Defined volumes of a solution containing 0.1 g PS-b-P2VP per mL THF were dropped onto the hydrophobically modified mSi using an Eppendorf pipette. The THF was allowed to evaporate for 90 h under ambient conditions. Then, the samples were immersed into ethanol heated to 60
• for 1 hour, followed by drying in an argon flow. The circular PS-b-P2VP films were detached with tweezers.
Characterization. SEM investigations were carried out on a Zeiss Auriga microscope operated at an accelerating voltage of 5 kV. Prior to SEM investigations, the samples were coated with a ∼5 nm thick iridium layer. Water contact angles were measured in the sessile drop mode at a humidity of 48.40 % and a temperature of 23.09
• C using a drop shape analyzer DSA100 (Krüss, Germany). All contact angle measurements for a specific sample type were repeated on six different samples.
